ABSTRACT. The aim of this study was to evaluate the effects of different aging times on the meat characteristics from young Murrah buffaloes slaughtered at 20-24 months of age (experiment I; n=10) and Murrah buffalo heifers slaughtered at 32-36 months of age (experiment II; n=10), with the purpose of determining the best aging time to tenderize meat from both experiments. Samples of the longissimus thoracis muscle from buffaloes slaughtered at each age were aged for 7, 14, and 21 days (0±1°C). After this period, analysis of cholesterol, pH, cooking loss, shear force, myofibrillar fragmentation index, meat color, and fatty acid profile was performed. Aging greatly improved the tenderness (p < 0.05) but caused a change in color (p < 0.05), which, even without difference between the treatments for subjective perception of the color (ΔE; p > 0.05), was considered very noticeable to the human eye. Furthermore, aging reduced the polyunsaturated fatty acids (p <0.05) and did not affect the levels of cholesterol (p > 0.05) in the meat of young buffalo and buffalo heifers of advanced age. Based on the evaluated meat characteristics, concludes that seven days of aging are sufficient for older buffalo heifers, but 21 days of aging are required for the younger male group. Keywords: cholesterol, fatty acids, longissimus thoracis, Murrah, tenderness.
Introduction
The world population of buffaloes is ~198.9 million head, with most being located in developing countries, especially India, Pakistan and China. Brazil is number one buffalo producer in the Western hemisphere, with a herd of approximately 1.2 million heads (Ministério da Agricultura, Pecuá-ria e Abastecimento [MAPA], 2016) . Their carcass provide a higher yield of round cuts than cattle carcass, thereby supplying the industry with a higher production volume of primal cuts with high commercial value (Mello et al., 2017) . Buffalo meat production may be a promising market, with potentially be preferred by consumers due to its Acta Scientiarum. Animal Sciences Maringá, v. 39, n. 4, p. 419-428, Oct.-Dec., 2017
lipid composition (e.g. lower cholesterol and saturated fatty acids), nutritive properties (e.g. iron) and excellent palatability attributes (e.g. more tender, flavorful and juicy) (Giordano et al., 2010; Giuffrida-Mendoza et al., 2015; Huerta-Leidenz, Rodas-González, Vidal, Lopez-Nuñez, & Colina, 2016) . Furthermore, it buffalo meat is a rich source of hypocholesterolemic fatty acids, which help prevent cardiovascular diseases (Mello et al., 2017) . However, the trade of buffalo meat is little disseminated and very restricted in Brazil, being ~90% of buffalo meat is marketed as beef (Corrêa & Tramoso 2002; Andrighetto et al., 2008) . Morever, because of their great milk aptitude is common the late slaughter of cows or heifers this species, compromising the sale of their meat due to low quality (Mello et al., 2017) . Aging is presented as an alternative to better the quality of meat from buffalo (Irurueta, Cadoppi, Langman, Grigioni, & Carduza, 2008) . However, few studies have evaluated this technique for this species and, for the most part, have focused instead on the processes of protein degradation (Naveena, Mendiratta, & Anjaneyulu, 2004; Neath et al., 2007) , and an ideal point has not been established for young and old animals. Thus, the aim of this study was to evaluate the effects of different aging times on the characteristics of meat from young Murrah buffaloes (20 and 24 months of age), and Murrah buffalo heifers (32 and 36 months of age), with the main purpose of determine the best aging time to tenderize meat from both buffalo ages.
Material and methods
These experiments (experiment I and II) were carried out in accordance with the ethical principles of animal experimentation (Protocol 27/2012) determined by the institution's Ethics Committee on Animal Use (CEUA).
Animals, diets and slaughtering
Experiment I: Ten non-castrated water buffaloes Murrah male from a commercial farm located at Bocaina, São Paulo, Brazil (22°8'4"S, 48°30'58"W, 564 m altitude) were used. Young buffaloes were confined (initial live weight equal to 360 ± 9.05 kg) during 100 days. The diet offered during the finishing had a roughage to concentrate ratio at 50:50 on a dry matter basis, with sugar cane as the roughage. The concentrate supplement provided to the animals contained 30% citrus pulp, 25% mineral salt, 18% soy hulls, 15% corn and 12% mineral mixture, on a dry matter basis. At the end of the finishing period, the animals were weighed (482 ± 9.01 kg) and slaughtered (20 to 24 months of age, on average) in a commercial slaughterhouse.
Experiment II: Ten water buffalo Murrah heifers, at 32 to 36 months of age, on average, from a commercial farm, located at Pompéia, São Paulo, Brazil (22°06'23"S, 50°10'29"W, 583 m altitude) were used. Murrah buffalo heifers were purchased from a dairy herd, wherein were raised exclusively on pasture (Urochloa brizantha, cv. marandu) and transported to a commercial slaughterhouse. These animals were not weighed, thus, no carcass yield was obtained.
Sample collection
The animals (young buffaloes and buffalo heifers) were slaughtered and the half-carcasses remained in the cold storage chamber (0 ± 2ºC) for 24 hours for the establishment of rigor mortis. After 24 hours in the cold storage chambre, the lefts halfcarcasses were sectioned between the 9 th and 13 th thoracic vertebra of the longissimus thoracis (LT) muscle. Samples were transported to the Laboratory of Bromatology of the College of Animal Science at UNESP, Dracena Campus, Sao Paulo, Brazil (21°29'0"S, 51°32'1"W, 419 m altitude).
Subsamples of the LT muscle with approximately 2.5 cm in thick were obtained of each animal using a band saw (model 255, Beccaro, Toronto, ON, Canada) as follows : the section between the 9 th and 10 th thoracic vertebrae was used to fatty acid profiles not aged (0 days) and aged (7, 14 and 21 days); 10 th and 11 th thoracic vertebrae was used to myofibrillar fragmentation index (MFI) not aged (0 days) and aged (7, 14 and 21 days); the 11 th and 12 th thoracic vertebrae section was used to cholesterol analysis not aged (0 days) and aged (7, 14 and 21 days); the 12 th and 13 th thoracic vertebrae were used to hydrogen potential (pH), cooking loss, Warner-Bratzler shear force (WBSF) and muscle color not aged (0 days) and aged (7, 14 and 21 days).
Each subsamples was individually vacuumpackaged in plastic package (18 μ) using a JETVAC® sealer (200-B, Selovac, SP, Brazil) and subsequently aged in an incubator (TE-371, Tecnal, SP, Brazil) at 0°C ± 1°C for 7, 14, and 21 days of aging and the subsamples not aged were frozen (-20°C). After aging, subsamples from each sampling time were frozen (-20°C) for 30 days for further analysis.
Chemical analysis
Analysis of fatty acid profiles was conducted using the method described by Bligh and Dyer (1959) Visentainer (2012) , the fatty acid methyl esters (FAME) were separated in a gas chromatograph (Model 3300, Thermo Scientific, DE, USA), equipped with a flame ionization detector, automatic injector and a fused silica capillary column CP-7420 SELECT FAME (100 m; 0.25 mm and 0.39 μm). The column injector and temperatures were 230°C and 240°C, respectively. Initially, the column temperature was maintained at 165°C for 18 min. Then, it was raised to 235°C at a rate of 4°C min.
-1
. The total chromatographic run time was 32.5 min. The flow rates for the carrier (H 2 ), auxiliary (N 2 ) and flame detector (H 2 and synthetic air) gases were 1.2, 30, 30 and 300 mL min.
-1 , respectively the splitting ratio was 1/80. For identification, the FAME retention times were compared to standards from Sigma -Aldrich (Sigma, St. Louis, MO). Retention times and peak area percentages were processed automatically using Chromquest 5.0 software.
Cholesterol analysis was performed according to the enzymatic method described by Saldanha, Mazalli and Bragagnolo (2004) . The isolation of lipids was conducted using 50% potassium hydroxide, ethanol and hexane. An aliquot of 3 mL of the hexane extract was dried under N 2 , then isopropanol was added until complete solubilization. To measure cholesterol quantities, a laboratory kit Laborlab S/A was used, consisting of two color reagents (1) lipase). The working reagent was prepared by combining 0.5 mL of each of the two color reagents, 19 mL of distilled water and 0.4 mL of the enzyme reagent. Thereafter, 3mL was added to the samples of the working reagent and they were heated for 10 minutes at 37ºC in a water bath. After 90 min rest, their absorbance was determined on a spectrophotometer at 499 nm. The calibration curve was constructed from a cholesterol standard solution, with concentrations that varied from 0.01 to 0.05 mg mL -1 .
Physical analyses
The hydrogenation potential (pH) was measured in each subsample using not aged (24h post mortem) and aged (7, 14 and 21 days) using a pH meter (HI 99163, Hanna Instruments, Woonsocket, RI, USA) with a penetration electrode (Béltran et al., 1997) .
For determination of the cooking loss, each subsample (12.24 ± 0.89 cm width, 4.74 ± 0.89 cm length, 2.54 cm of thick and weighing 112.25 ± 30.83 g), was weighed and placed on an electric hot plate that had been preheated to 170°C, until the temperature of the geometric center of each sample reached 72°C, which was verified using a digital thermometer (Skewer type model, Incoterm, RS, Brazil). The sample was then removed from the electric hot plate (Grill Mega 2, Britania, SC, Brazil) and cooled in room environmental temperature at 25°C, which was verified using an infrared thermometer (Mult Temp, Incoterm, RS, Brazil). The subsample was then reweighed to determine the cooking loss, which was calculated from the variation in subsample weight before and after being subjected to heat treatment, expressed as percentage. Than, from these subsamples was performed the Warner-Bratzler shear force (American Meat Science Association [AMSA], 1995).
Tenderness was determined by Warner-Bratzler shear force (WBSF) and the myofibrillar fragmentation index (MFI). Ten core with a diameter of 1.27 cm were obtained from each roasted sample (12.24 ± 0.89 cm width, 4.74 ± 0.89 cm length, 2.54 cm of thick and weighing 112.25 ± 30.83 g) of the LT muscle. They were placed with the fibers oriented perpendicular to a WarnerBratzler shear force device coupled with a texture analyzer (TA-SBA CT3, Brookfield, USA) to determine WBSF (AMSA, 1995) .
Myofibrillar fragmentation index was carried out according to the procedures by Culler, Parrish, Smith, Smith and Cross (1978) . Samples used were free of fat and excess connective tissue. The protein concentration of the myofibril solution was determined by the biuret method (Gornall, Bardawill, & Maxima, 1949) . Dilution (0.5 mg mL -1 ) in a final volume of 8 mL was used for determine the MIF. Absorbance at 540 nm was measured using a digital spectrophotometer.
Meat color was determined by reading at three different points in the LT muscle, using a Minolta CR-400 colourimeter (Konica Minolta Sensing, Inc., Osaka, Japan). The CIELAB system considers reflectance readings of light in three dimensions: L* Acta Scientiarum. Animal Sciences Maringá, v. 39, n. 4, p. 419-428, Oct.-Dec., 2017
(lightness), a* (redness) and b* (yellowness), according to the methodology described by Honikel (1998) . To complement the color parameters of the meat using the coordinates L, a*, and b*, the was determined the perception of color (ΔE) according to MacDougal (1994) , using the following formula:
. The ΔE index allows to evaluate the differences in color over time, that is, between the initial evaluation time and the measurement times after opening the package, identifying if the changes were perceptible to the human eye.
Statistical analysis
Experiment I: Ten samples of longissimus thoracis muscle from young buffaloes slaughtered at 20-24 months were analyzed using a completely randomized design, with four treatments and 10 replicates per treatment, defined in a split-plot design, with plots assigned according to animals and subplots according to aging time.
Experiment II: Ten samples of longissimus thoracis muscle from buffalo heifers slaughtered at 32-36 months of age were analyzed using a completely randomized design, with four treatments and 10 replicates per treatment, defined in a split-plot design, with plots assigned according to animals and subplots according to aging time.
The data were submitted to the Univariate Normal procedure (Statistical Analisys System [SAS], 2010), and the normality of the data was confirmed by the Shapiro-Wilk test (W ≥ 0.90). Orthogonal polynomial contrast statements were used to test linear and quadratic effects of different aging times in experiments I and II separately using the statistical program SAS 9.3 (SAS, 2010). Differences were considered significant when p < 0.05.
Results and discussion

Experiment I
Aging does not affect cholesterol levels in the meat of young buffalo (p > 0.05; Table 1 ). This is in contrast to other studies that have found a reduction in cholesterol levels due to aging of the meat (Souza, Arthur, & Canniatti-Brazaca, 2007; Mello et al., 2016) . This decrease was probably caused by cholesterol oxidation in other types of fat.
The average pH values of LT muscles subjected to different aging times fit a quadratic regression (p = 0.03; Table 1 ). Previous studies explain this relationship by enzymatic attack during aging (Oliveira, Soares, & Antunes, 1998) . This is a process that increases the osmotic pressure of the medium as a result of protein degradation to smaller molecules, and intramolecular reorganization of these proteins, which determines changes in their electrical charges (Lawrie, 1977) , therefore increasing the pH (Oliveira et al., 1998) . In the present study, when the enzyme activity decreased (between 14 and 21 days of aging), evidenced by the reduction of myofibrillar degradation in this period (MFI), the pH also decreased (Table 1) .
Furthermore, studies with beef cattle, a species which most resembles the buffalo, show that values of pH were higher than observed for meats aged of Nellore and Red Norte (Andrade et al., 2010) . We suggest that the higher pH values found in our study reflect better proteolytic enzyme activity and, ultimately, a greater reduction in WBSF (Béltran et al., 1997) . The values calculated in our analyses can also explain the lack of differences (p > 0.05; Table 1 ) in cooking loss between the different aging times, since, when the opposite occurs (i.e., the pH is low at less than 5.4, according to Terlouw et al., 2008) , the meat suffers high weight losses from cooking because the pH is far from the isoelectric point of muscle proteins (Huff-Lonergan & Lonergan, 2005) .
We observed a linear reduction in WBSF with aging time (p < 0.01; Table 1 ). Thus, between 0 and 7 days, 7 and 14 days, and between 14 and 21 days, the WBSF fall by 11.28, 15.50, and 10.49 N, respectively. Previous work with beef cattle showed that meat reached an optimal WBSF of 29.81 N within 21 days (Andrade et al., 2010) . Similarly, another previous study with buffalo meat indicated that at 0, 15, and 25 days of aging resulted in WBSF of 33.45, 24.91, and 22.95 N, respectively (Irurueta et al., 2008) . Although with similar behavior, buffalo meat in the present study is classified as less soft compared to those mentioned above, and only 21 days of aging approaches Latin American customer satisfaction, which is obtained when the WBSF is around 40.13 N (Rodas-González, Huerta-Leidenz, Jerez-Timaure, & Miller, 2009) . Also, average values of the myofibrillar fragmentation index increased linearly with aging time (p < 0.01; Table 1 ). These results are consistent with those previously reported showing that 21-day aged meat of Race Red Norte and Nellore animals had a higher myofibrillar fragmentation index of 84.01% in comparison to an index of 60.18% of meat that did not aged (Andrade et al., 2010) .
In relation to the color of the aged meat, our analyses revealed that aging affected average values of L* and a* (p < 0.01), but did not alter average values of b* (p > 0.05; Table 1 ). The L* values increased linearly with aging. These data corroborate those found by Andrade et al. (2010) , who explained the increase in lightness as an effect of vacuum packaging, which draws water containing myoglobin from intra-and extracellular spaces in the muscle fibers. correlates with the muscle myoglobin content . The instability of redness can be attributed to the greater amount of polyunsaturated fatty acids (PUFAs) present in buffalo meat, which may be more oxidizing, especially when these PUFAs are not derived from pastures, since they are not associated with more antioxidants in the form of alphatocopherol, carotenoids, and flavonoids, which stabilize the fatty acid (Scollan et al., 2006) . We also observed changes in color (ΔE) in the first seven days of aging that would be perceptible to the human eye, and after seven days, considered very evident (Prändl, Fischer, Schmidhofer, & Sinell, 1994) . However, longer aging periods did not induce further significant changes to ΔE (p = 0.11; Fig. 1 ). In contrast, previous work with beef found that the greatest change in ΔE (an almost 4-fold increase) occurred between days 7 and 14 of aging (Andrade et al., 2010) . This difference may indicate that buffalo meat can be subjected to aging with less noticeable changes to appearance than those observed for beef.
The linoleic fatty acid (C18:2ω6) content of meat decreased linearly with aging time. Moreover, because this fatty acid accounts for the majority of omega-6 fatty acids, the category also followed a linear decrease (p = 0.04). We also observed a tendency of linear reduction (p = 0.07) of the alpha-linolenic acid (C18:3ω3). Since both are the most representative of the PUFAs, this also presented the same variation (p < 0.01; Table 2 ). This fact can be explained by lipid oxidation during the aging period. While saturated fatty acids (SFAs) are more resistant to the oxidation, the PUFAs are more sensitive and may oxidize at the temperature of the aging meat (Geay, Bauchart, Hocquette, & Culioli, 2001 ).
Importantly, the biological effect of essential fatty acids depends on the ratio between acids of the families' ω6 and ω3 present in the phospholipids that form the membranes of the meat. The Japan Society of Lipid Nutrition recommends that the rato of ω6:ω3 should be 4:1 for healthy adults and 2:1 for the prevention of chronic diseases in the elderly (Uauy, Mena, & Valenzuela, 1999) . In the present study, the proportion of polyunsaturated fatty acids of the ω6 and ω3 families was found to be below the recommended values in both experiments (p > 0.05; Table 2 ). 
Experiment II
Aging also does not affect cholesterol levels in the meat of the buffalo heifers with advanced age (p > 0.05; Table 3 ). It is important to note that the amount of cholesterol found in heifer meat (experiment II) is higher compared to non-castrated male meat (experiment I) and, this may be related to the age of the animals, because younger animals would have lower cholesterol content in their meat (Madruga et al., 2002) .
The average pH values of LT muscles subjected to different aging times also presented a quadratic regression (p < 0.01; Table 3 ). We suggest the same justification of the experiment I. However, the lower enzymatic activity in the present experiment is reported between 7 and 14 days of aging, evidenced by the reduction of myofibrillar degradation in this period (MFI), the pH also decreased (Table 2) . Warner-Bratzler shear force (WBSF) presented a linear reduction along the aging periods evaluated (p < 0.01; Table 3 ). Thus, the fall WBSF between 0 and 7 days was 15.20 N; between 7 and 14 days 11.08 N and between 14 and 21 days 6.96 N. This fact can also be observed in the mean values of the myofibrillar fragmentation index (MFI), which, generally, increased during aging (p < 0.01; Table  3 ), classifying the meat of these animals at 7, 14 and 21 days of aging as very soft (Culler et al., 1978) . Regarding myofibrillar degradation with different aging times, 54.61% was obtained between 0 and 7 days, -0.11% between 7 and 14 days and 5.06% between 14 and 21 days. It is noteworthy that in spite of the similar patterns with experiment I, we obtained in experiment II, a higher final index, indicating that the aging process greatly improves the quality of older buffalo meat and may help demystify this type of meat, often seen as tough by consumers.
The lower tenderness of the non-castrated male meat (experiment I) may be related to the slower post mortem degradation in this category (Huff-Lonergan, Parrish, & Robson, 1995) . According to Morgan, Wheeler, Koohmaraie, Crouse and Savell (1993) , the skeletal muscle protein mass of non-castrated animals is higher, indicating a lower degradation index of this protein. On the other hand, HuffLonergan et al. (1995) observed that the meat of older animals also showed a lower rate of post mortem degradation; however, this did not occur in the present study, possibly due to the different origins of the experimental groups and the sex.
In relation to the origin, because the buffaloes presented milk aptitude, the slaughter of males, considered disposable in a dairy herd, may be seen as an alternative for meat production (Mello et al., 2017) . However, these animals generally do not receive adequate management, leaving the best conditions, mainly nutritional, to the females that will be the future breeding cow and income generators for the rural property. Thus, dietary restrictions normally imposed on males of dairy origin in the initial phase may have repercussions on their later performance (Rocha, Fontes, Paulino, & Ladeira, 1999) . As for sex, in addition to the fact that the males presented less fat in the meat than the females (marbling = 2.60 ± 0.52 vs 3.67 ± 0.57, respectively, in the present study), according to Bonagurio, Pérez, Garcia, Bressan and Lemos (2003) , they usually present a more dense muscular constitution, which results in less soft meat, requiring a longer aging time.
As in experiment I, both the WBSF and the MFI demonstrated the effectiveness of using the aging process to improve the quality of buffalo heifers' meat with advanced age, which appeared softer at day 21 of aging. However, seven days of aging were Table  3 ). This result differs from those found in aged meat from crossbred buffaloes (Murrah x Mediterranean) after 0, 15 and 25 days, as no differences in b* values were observed between the aging times (Irurueta et al., 2008) . On the other hand, these results are similar to those found in beef aged for 1, 7, 14 or 21 days, and it is explained by the fact that the carotenoid pigments providing yellowness are antioxidants, therefore occurred an increase in the average values of b* and not a decrease (Andrade et al., 2010) .
The color data shows that perceptions of the difference in color of the buffalo heifer meat were within the range of perceptions evident to the human eye (p = 0.13; Fig. 2 ) (Prändl et al., 1994) , but were still less noticeable than those observed in aged beef, which is consumed more often than buffalo meat. Despite the changes observed in the present study, average values in both experiments for buffalo meat color were within the proposed standards at all aging times (Muchenje et al., 2009) .
In relation to fatty acids, the palmitic (C16:0), adenic (22:4ω6) and docosahexaenoic (22:6ω3) fatty acids, including omega-3 (ω3) fatty acids, since the 22:6ω3 represent a large proportion of the ω3 category, as well as the PUFAs (22:4ω6, 22:6ω3) present in the meat of the buffalo heifers aged 32-26 months, showed a linear decrease in average value, when the aging periods increased (P < 0.05; Table 4 ). Despite a reduction in PUFAs, should note that, of all the fatty acids presents this category, aging promoted a reduction in only docosahexaenoic and adenic acids. Regarding SFAs, though presented a significant reduction in palmitic fatty acid, these are considered more resistant to oxidation (Geay et al. 2001 ). This result should be considered positive, since palmitic acid influence on blood cholesterol levels, raising the low density lipoproteins (LDL) and promoting hypercholesterolemia (Fuentes, 1998) .
Like the young buffalo meat (experiment I), the buffalo heifer meat also presented a ratio between acids of the families' ω6 and ω3, according to the standards proposed by the Japan Society of Lipid Nutrition, which recommends that the ratio of ω6:ω3 should be 4:1 for healthy adults and 2:1 for the prevention of chronic diseases in the elderly (Uauy et al., 1999) . However, it is important to note that young buffalo meat is healthier for this parameter, since the ratio is lower than that found in buffalo heifer meat of advanced age. Thus, although heifer meat is softer, it is because of the lower ratio of ω6:ω3 and, especially, because of the lower amount of cholesterol in the meat of the animals of experiment I, which is necessary to encourage the slaughter of young animals. 
Conclusion
Aging process greatly improves the tenderness, however, aging causes changes in color percptable to the human eye, reduces polyunsaturated fatty acids and does not affect the levels of cholesterol in the meat of young buffalo and buffalo heifers with advanced age. Based on the evaluated meat characteristics, concludes that seven days of aging are sufficient for older buffalo heifers, but 21 days of aging is required for the younger male group.
